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SC0pe0fte Claim of U,e Invention 

H ) A discharge excitation t 

uic laser gas current. 

3 - detailed Explanation of the Invention 
(Sphere of Industrial Use) 

(Pnor Art Technology) 

Figure 4 shows a nrr.fi i» • 

W * ( U a " d (7 > ,ndlc ate capacitors, (3) is a 



high resistance resistor, (4) is a switch, (6) is a coil, (9) is a first main discharge electrode 
mounted in the longitudinal direction of the axis of the laser light (vertical direction to paper 
surface) deployed in a current of laser gas, (8) is a second main discharge electrode, that is to say 
a perforated electrode provided with openings which has a part provided with multiple openings 
and which is mounted opposite the first main discharge electrode (9), (1 1) is a dielectric which 
deployed so that it is tightly attached to the back surface of perforated electrode (8), (10) is an 
auxiliary electrode positioned opposite perforated electrode (8), mounted so that it is tightly 
attached to this dielectric (1 1), (12) is a heat exchanger, (13) is a fluid guide, (14) is a fin, (15) is 
a laser housing unit, (16) is an insulator, (17) is a space for the main discharge, and arrow (18) 
indicates the direction of the laser gas. 
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In addition, Figure 5 shows a top view of said perforated electrode (8) seen from the main 
discharge space (17). Number (19) indicates in this figure the perforated part. 

The following is an explanation of the operation. 

The circuit system will be explained first. When a charge is furnished from a high- voltage 
source (11), the charge will be first stored in capacitor (2). Next, switch (4) is activated so that 
the electric charge which has been stored in capacitor (2) will be transferred to capacitor (5) • 
through switch (4) setting the conductive state from capacitor (2) continuing through a grounding 
line to capacitor (5) and coil (6), and furnishing charge stored in capacitor ( 2) to capacitor 
(5) Accompanying this prompt transfer of the electric charge will be a sudden increase of the 
voltage in the space between perforated electrode (8) and the first main discharge electrode (9) 
(hereinafter referred to as the electrode space between the main discharge electrodes) and 
perforated electrode (8) and auxiliary electrode (10) (hereinafter referred to as the electrode space 
between the auxiliary electrodes).Because the initial voltage of the auxiliary electrodes is lower 
than the initial voltage of the main discharge electrodes, first, an auxiliary discharge will be 
initiated on the surface (electric discharge along the surface area) of dielectric (1 1) in the 
perforated part (19) created in perforated electrode (8). One part of the electrons generated by this 
auxiliary electrode and electrons generated by ionization with ultraviolate light rays emitted from 
the field of the electric discharge will be used to create a homogenous glow state of the main 
discharge. Next, the main discharge generated in the main discharge space (17) in a pulse form 
will excite a laser medium and laser light rays will be fetched as a result of this. The pulse width 
of this laser light is determined by the pulse width of the main discharge. To give an example, 
this will correspond to several tens of nsec in an excimer laser at the point when 1 short pulse of 
the laser is created. A common thyratron type can be used for switch (11) with a laser pulse 
oscillation frequency in the range of several Hz to several kHz. Normally, a repeating speed of 
several hundred Hz can be used. 
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In addition, because Prandtl's number (expressed as P r ) for gases corresponds to 0.7 for helium, ^ 
resulting in heat conductivity of 0.13 kcal/mhr °C, this means that local heat transmission rate n x 
can be calculated as 2.8x 10 2 kcal/m 2 °C. 

Assuming that the difference between the temperature of helium gas and the temperature 
of perforated electrode (8) is for example 20°C, the quantity of heat that will be removed will 
correspond to about 200 W, which is only about the same or less than the above described heat 
input. 

In addition, if this set temperature difference is 20 °C and perforated electrode (8) is 
manufactured for instance from nickle (because this is the most desirable material for excimer 
lasers), since its linear expansion coefficient is 0.15 x 10" 4 , perforated electrode (8) will be also 
expanded by 0.2 mm. Since a perforated electrode is generally used with a construction wherein 
it is tightly attached to dielectric (11), so called "cambering" will be displayed due to this 
elongation in perforated electrode (8) and dielectric (1 1) as the attachment of dielectric (1 1) to 
perforated electrode (8) will not occur smoothly. 

(Problems To Be Solved By This Invention) 

Because discharge excitation laser devices of the short-pulse type according to prior art 
were characterized by the above described construction, when the repeating speed was increased 
in order to increase the mean laser output and heating was applied to perforated electrode (8) and 
dielectric (11), this would result in rupturing of dielectric (11) due to thermal stress and 
cambering of perforated electrode (8). And because this in turn resulted in an uneven length of 
the gap between the main discharge electrodes, the problem was that an arc of the main discharge 
electrode could easily occur in this manner. 

The purpose of this invention is to resolve the above mentioned problem area with a 
simple method enabling cooling of the perforated electrode and of the dielectric to make it 
possible to obtain a discharge excitation type short-pulse laser device enabling stable operations 
even when the repeating speed of laser oscillations is increased. 

(Means To Solve Problems) 

According to the discharge excitation short-pulse laser device of this invention, a first 
main discharge electrode is mounted in the longitudinal direction to the axial direction of the 
laser light in the laser gas current, a second main discharge electrode having a plurality of 
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(Embodiment) 
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In order to do that, a heat radiating fin (20) is mounted on auxiliary electrode (10), so as 
to conduct the current of laser gas to this laser radiating fin (20). Assuming a surface area A of 
the auxiliary electrode (10), the surface area of the remaining part which is not provided with a 
fin (i) is expressed as A 0 , while a part of A is provided with fin (20), while the total surface area 
of fin (20) is expressed as A f and the thermal conductivity of the surface of the fin is expressed as 
h 0 , then the thermal conductivity coefficient can be expressed according to the following 
formula: 
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[see Formula (3) in the left top corner of page 454] 

The value of the fin effect, which will be called r\ here, will be determined by the thermal 
conductivity coefficient of the material of fm (2) and by the thermal conductivity coefficient on 
the surface of fin (2), by the thickness of fin (20) and by the height of fin (20). As one can see 
from Formula (3), when the shape of the fin is chosen so as to increase r|A f , this will make it 
possible to maximize the value h. An example of this concept will now be explained. 

If the profile surface area of auxiliary electrode ( 1 0) is selected similarly to the surface 
area of perforated electrode (8) with a width of 0.06 m, a length of 0.6 m is selected in the axial 
direction of the laser light, and 200 plates of discharge fins (20) which are 0.02 m high and 0.5 
mm thick are deployed at an interval of 2.5 mm in a direction orthogonal to the laser light, A 0 
corresponding to 0.03 m 2 and Af corresponding to 0.48 m 2 will be created. In addition, if nickle is 
used as the material of this fin and the gas flow velocity of the gas passing through the fin part 
(20) is 20 m/sec, according to Yoshiro Kodo, (Theory of Thermal Conductivity, [illegible name 
of the publishing house], p. 27 (1982), the thermal conductivity coefficient of the surface of fin 
(20) will be created with a fin efficiency r| of 0.86 and it will thus be determined as 2.6 x 1 0 2 
kcla/m 2 . Therefore, since the thermal conductivity ratio h will be determined in accordance with 
formula (3) as 3.2 x 10 3 kcal/m 2 , this means that the prior art example is improved by as much as 
1 digit. 

The operation will be explained next. Since the operation of the circuit system has been 
already explained in Figure 4, this part will be omitted from the explanation provided for Figure 
1. 

First, laser gas will be circulated with fin (14). The gas discharged into the main 
discharge space (17) is cooled to a specified temperature by heat exchanges (12) and then it is 
returned again to the main discharge space (17). However, one part of this gas will be supplied to 
the part of heat radiating fin (20) which is deployed on the back surface of auxiliary electrode 
(10) so that cooling will be applied via auxiliary electrode (10) in dielectric (1 1) and perforated 
electrode (8). The gas will be mixed again with the gas which has passed through main discharge 
space (17) and discharge fin part (20) and it will be conducted to heat exchanger (12). 
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(Effect of the Invention) 



arranged in the longitudinal direction to the axial direction of laser rays in a laser gas current, a 
second main discharge electrode having a plurality of perforated parts is arranged opposite the 
first main discharge electrode, a dielectric is arranged closely attached to the back surface of this 
second main discharge electrode, an auxiliary electrode is deployed opposite this second main 
discharge electrode and a heat radiating fin is deployed at least for said dielectric or auxiliary 
electrode; 
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using a construction comprising a pulse circuit enabling to apply a pulse voltage between said 
main discharge electrodes, wherein said pulse circuit is formed as a part of this construction, or 
this pulse circuit is formed independently; equipped with a circuit enabling to apply voltage 
between said auxiliary electrode and said second main discharge electrode, which makes it 
possible to cool with optimal efficiency said dielectric and second discharge electrode with a 
simple method. The resulting effect is that stable operations can be achieved with a discharge 
excitation type of a short-pule laser device even when the repeating speed of the laser oscillations 
is increased. 

4. Brief Description of Figures 

Figure 1 shows a profile view explaining one embodiment of this invention, wherein 
Figure 1 (a) [on the left] shows a profile view indicating one embodiment of this invention, while 
Figure 1 (b) [on the right] shows a profile view of a section of the main part of Figure 1 (a) 
indicated in the upper part of the figure. Figure 2 shows a profile view explaining another 
embodiment of this invention, Figure 3 shows a profile view indicating a heat radiating fin part 
according to yet another embodiment of this invention, Figure 4 shows a profile view explaining 
a discharge excitation type of a short-pule type of an excimer laser device according to prior art, 
and Figure 5 shows a top view of the second main discharge electrode shown in Figure 4 shown 
from the main discharge space. 

In these figures, (8) is a second main discharge electrode, (9) is a first main discharge 
electrode, (10) is an auxiliary electrode, (1 1) is a dielectric, (18) is an arrow indicating the 
direction of the current of a laser gas, (19) is a perforated part, and (20) is a heat radiating fin. 

Also, the same codes are assigned to the same or corresponding parts in each figure. 



Representative: Masuo Oiwa, patent attorney. 
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Figure 2, Figure 3, Figure 4, and figure 5 
Continuation from page 1 : 
(72) Inventor: Gen Nakatani 

Am^f Ub ? hl T EIeC,riC Cor P°™«on, Itami Plant 
Amasafa-srn , Tsukaguchi Honcho, 8-chome, 1-ban, 1- 
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Procedural Amendment (Voluntary) 
Date: March 6, 1985 

To: Commissioner of the Japanese Patent Office 

1 . Indication of the Item: Patent Application Number Sho 59-239268 

2. Title of the Invention: Discharge Excitation Short Pulse Laser Device 

3. Amending Party 

Relationship to the Item: Patent Applicant 

Address: Tokyo-to, Chiyoda-ku, Marunouchi ni-chome, 2-ban, 3-go 

Name: Mitsubishi Electric Corporation (601) 

Representative: Jinpachiro Katayama 

4. Representative 

Address: c/o Mitsubishi Electric Corporation 

Tokyo-to, Chiyoda-ku, Marunouchi ni-chome, 2-ban, 3-go 

Name: Masuo Oiwa, patent attorney [personal seal] 

[illegible line] 

[illegible date stamp] 

5 . Subj ect of the Amendment 

(1 ) The column "Detailed Explanation of the Invention" 

(2) Figures 

6 . Content of the Amendment 

(1) Line 16 on page 3 of the Specifications, which reads "the initial voltage of the auxiliary 
electrode is lower than the initial voltage of the main discharge electrode" is corrected to "the 
voltage at the beginning of the discharge of the auxiliary electrode is lower than discharge 
voltage at the beginning of the main-discharge electrode". 

(2) Line 7 - line 8 on page 4 of the Specifications, which reads "switch (1 1)" is corrected to 
"switch (4). 



(3) Specificatl0ns ' which « number i. 

(4) Figure 4 is amended as per a separate appendix. 
7- List of Enclosed Documents 

Figure (Figure 4) j CQpy 

THAT IS ALL 



@B*H»i*/f(JP) © «f BF Hi R a M 

©2: 3$ (a) PS61 - 116889 

©Int. Cl.< JUNE* ff^mm^r ©£§3 53^061^(1986) 6 ^ 4 B 
H 01 S 3/04 6370— 5 F 

gam* awwft i (i?g) 

®# S3 PS59- 239268 
@tB S3 0359(1984)1!/! 13B 



@2 






m eb 


lil it 


/gj$?fj^p *sr 8 t s i § i -t =wwM**£itoi« 












©& 






S BB 




/EWJm^PW 8 TB 1 * 1 ■* =WI*t**frtfcJEJB« 












©& 


!B 


* 


& IS 


fr m 


©i5fm^P*sr 8 TB 1 * 1 ■» =RWR»*AttiCffl« 


©JS 


W 


* 




ft % 


/gjl§ffi^n#Brr8 y g i § i HSVttft^ttfSffitt 












©t±J 


sa 


A 




mStf5=f 1 f^fflEA^F*3 2Tg 2*3-§- 






A 






fl-2* 




*-&< 









9 ua * 

1. 99 o * » 

2. 14 IT iff * © IS 1*8 

tit i^-r^^(«4>w:tefflt3/x« 

n t a ^ » a t r h m i o £ * <g. #i©3=*tt 
t- ttfaLT&t&zn. a w o t JL 85 sr^riSi 

S * I* i*. CORW«:^iB^Utfli!«3n. 

mz<D$.itmt*ifa'r&itotou&* ± a; » * «t 

7^^. i ^ £ ffiiJfl Kt ^ * * 6E 5: tU flo T * 
* # OK . 



3. &ta©f*d**«i$J 

iS^asotfrfflrcse-r* * © -c * * • 
r & © e£ ax D 

© - w * u r * * .y^-^-ir»ittm-rft*'Ba-c 
« o . e» v r . m « * « E « « • iw . w . m 

* -r - y * . (3) Ht * tt « * Ui tt ■* << y f • ibi tt 
a-f^.uitt^-^'tf^flU'KftKSft- ^ - -V 

* ^ & 18 ft « . ujm i« ft * < B > ^ * ® ^ # * u 
rae wttc©»«*w)icffi#L 
t « ft . ^?Lta^i8itWf&jr^fflW*tf^ 03 
tt*vxi8£. u3 * 01 * # << k - a^ttvrx. 00 a 
u - * s * . us « to ■ u* « £ » * 2 M • o» « 



—451 — 



tit. 3 , Skt-hBII 

x * ^ * » * * »T . 09 H 09 ft gB 

<* k ft tfr k t#Bt * fl 

<■ ^ * - * « & « # in ^ 

't % w re + -r ^ a ti, ^ 9 ^ 
* ' *>*c MA* * i.. t m»««» tv M ( * T 



era. »8 fl. OK* 11/ i w 

**«*m«iiin ofcMltUiLTtJt 

f . mm* m . « VjSfle , U8p(1982)) 

*^ " J ""'**iH^a. 

* ' >- ► ** (P r t £T .) , « „p * R ^ j, (h . ^ 



61-116880 (2) 
* w K i 4 * - - W Sr ft 



f 2J 



w *• « <% HI * tt * ffi o.oao 
*«*T**. ^O.x* (V)tt , 1Mllt 



—452- 



^ , ^ ? a # * A /ff t ft vtt W « /* <t © ft * 

2<rc * T 4 £ ■ ft f}ibni«\fittt^ w zoow t 





9 . ife i£ *0 Aft A !/J £ M ^ 






M ft >i ^ . 






t ft . ± 3E « * * 301C rc * " r rt • M * tf 




ft Hi 1*1 = vx r ^ ( x 






tffl^U^^W£?ftT 




t 


O & S o. 13 x lo"* b tffl ft <*t 


o . 


.2mm tlf^'Ht K * i 






a« Kl ffi # ? * ^ & *> : 






ifc UD J: 4" IflJ ?L *t <* < 8 ' & * 






O <* O' tt ft tt 4* (SI O • 


-to M i-Jt-prstJft 










r *a tH ft ft* fcJi L X 0 £ T 


* IW Kfi A 3 




;* jk //*» /jb trt lih Er* ffj #fl A" 






a «f Hi iti; -T Ji T" Z (/) T 




L 
_£ 


5 O rC "V \ 1/ no *° J 


j« rc i» -r * • tffl ft ttt rti 


131 


f* Hi tt UD rft flD #1 ? ft . 


«v & "ft YL X ilSU^ttD 


<D 


/w tM ^ . &H ft tit *fs (81 © & 




m 


2raT4isJ«&fc*»;tft*© 


















X 0 PC , flfl ft ut tf > X O' 




T 








r as mi n 5 






JrU*. C <r> (o — * m 




4 


. sn 1 M r n c o ft w 


- 91 «s n t vtt t Wr tin (sfl. 


& 


llafl^K£S1^7' < ^3i^ 




ft 


*i itii r ft * . CS i* * ^ 


r. w tt » -f x *r 






liw> dii: ft b ft *C * • 




RKfttffliCO^r if* fiu « 


A!HT4. -HH ft ««W 






(in tt * ftn^cttHiSo 


a 




jl rtf - tffl ft * «i t«) t ffl 


ft 


^. tfllfllOdWV* y ^"^ 




5c 




W^^EiSSOfiBtt. 


10' kca/yo* hr"C <0 * - ?' t 


4 U . 9t & « BH f L tt* 


(81 2>» b *^ V ^ A # -* ^ * 


Sj»3SX !? 3 tfr X & ^- 




£5 




u - H* T tt 90* t-^ ± 



??P ff 10S61-116889 (3) 
»C4?ft/ttOT. « ft * » fi -C «J ft W tt' i.- Z V 

tft*»mtt4KlOl£T8*- » l © X IB *fi t 
WlplLtEKSft* «0C W© Mft 88 T * m 2 
O £ fit «K « *20i«aiolfiflttBff LTfi*? 
ft/tw**. co»«^(cffi«ur£iS*:?ft. J?r 



2 <0 ^ 




^ '4 ft; A- x 


CJ 1 ?s W 


lft ffi ^ '1? ft < £ % — 55 


^ if h 


ft ft fix ft 7 






fit £E 5: 


>5n T a* 


^ lyj ks 


. (f K ± fii * * 131 


'» o — ffti 


t B f& T ^ 




^tt±*i-" : ' a '^lSJfc*<!: 


tt f* & o 






.k *i ffll fift * ffi -t ^ 2 « 


£ fB H o 


M rc fit ffi t 




r> J* ) ^ O /W S ll iS ^ 


T £ J? » 




is r 


-rftttx d«S»oa^ 


ft flV ^ Bf 




L <> 




ft 5: « §1 


t 4 tt . 


35 iS T 


W«3ft, ^»^j»35m 


V9 T « 


ftC WU O 3 ft 


X \r* & 


u - V ft * 4- 1% flK §(S O 


ft t T 


6 o ^1 a * 


U ^ . 




ft f ft tt 


. is A S fl* 


X «c JJJ 


n (ff K ^ 5 . ^ifttL 






75: * 


^; , -to — ETttfcan 


ru 12 m (i?) 


IC V *f 4 AH 


* « flic 




T 6 O T 


) n 3 ft rc 


t 71 0 


iyj us r * * . 






-f C 


T ?mi JMm6 tti Ml fc /ft SI f 


* 9 fc ^ 






k * m ft * £ («i <t ff? 


«t j* m t 


Hit Jt& « ^ «« 


o ifl: 


« iW « ft K £6 as « -X » 


O T » 


Mi ^ ttt oui 


* /* a 


T * C t *C X .5 ft ft Hfc 


rtt (»» *-* x 


VMUXfc ou 


o ^ 




* • 




c o 


zt *o «: ?t* W uo ic » 




W) 5r /fit if • 






* 5r «l T 


X 5 ft U ft 


* . 


ffll tt * #1 IM © (fi t * 


* C O A 






tt if ft IH rt 7 4 x -.^ 


O ^ T ^ 


4 w *U » 



—453 — 



<r • c -r * ,t . * ft ft « 



• h " — ; — hfl 



13) 



w * £ int h. . ? 4 % $ 

"•«*«"o«*»f.«ao ((JL » <S(llt|j|<(| 

c/irc#$ o.oani ra^o ^ B ^ — 

«»**tr* 4 . A . tt o.o3 B .. Af tt0 .' a-t t4 



* 1 « <, * * (51. 

4 B * T * * <- * *> t « i a K * T tt # H 

to-i ttawMBe?|(tJltt5ftjc 
a * ^ - « 3 k « 6 ft „ tt „ € B ^ L r ^ ^ 

»• •««««■«. , «^ 

*. f - , « E (H.:x.:o/-o.i a :o. 70 - 

« • i > * « w r „ - r ^ 100nJ/ 



6 4 w O It 11 (, . C O « *»<w ^ w ^ 



s- j= k x m n t m m © !»# * * r 

C »S *f O ft * 3 



-454- 



fa r a ffl w * * jL£rt«tfi'iyaitt*««>^ 

j.^^>/w^lSJK50 — \& * P,f£ T h * .* ft ft ± Sd 

^^^isi»tnaiiL/ttOT*c?r, ± *i as & 
(* A * © r . w*'*»«"trw2«y£*rti*,rtf.h 
* . c - r B © < PfiU«i«tt<»?f£ft 
4 i* Tje * * . 

3? i B ft 1 fcg(7)©£&Sttfr<< - » fa * £ 

i* & » (a 7 * xset^rsttfiw. jr 4 eg wt # * © 



TJRJ1D361-11G88G (5) 
W K *• 1/1 T . Ultt« 2 is' n « 1 <o £ 

* * (id n m u T& . au n m 1* f* * wc ^ - * xr 

* fit * T * 93 . U9 wt ?t - «9 n a » ? ^ 

f^iSA * £ ttl # 



*■ 1 B 




—455- 




m 3 




?3B?IBg61-llG880 (6 





'JL. 



\ 



J» 6 W 




-456- 



r- & fan iii ,irt i& j 

60 3 6 



1 . flt f'l- CO & jfi 6 9- 2 3 9 2 6 8 9' 

2 . W ft *fc 



flCtEBGJHiHJfl'*** u - if B BC 

3 . MliE iT*» 

fji w m:wwtimh<nftzr® 2 *3* 

K* id f~ A fill 

4 . ft fll A 

ut (7375)#rfji± k & m m (f^fj) 



«ISlB361-11688D (7) 

6. ft iE © « St 

(2) 0 2n 
6. ftfi IE © W 3 

in W fu $ a R to' i 6 O ic r ffi U tt St <o 0ti te r&; 
El*£ttW©fllJte«aEJ:Offl:^J i A a <D * r *« 

^) (Lk ^ J i II E t 5 , 

l« i » 4 S » 7 fj-- 8 fj (C r * -f -y ^ UU j £ 

r ^ 7 f ki j t .1 iE t 5 . 

ui IS) S* 6 M 8 1 fl fj - W 1 9 fr ic r * y * * h 

JiXj U 5 » * r * -y * >w h ft J i II E f 5 , 

1 w Jt 



S 4 13 




—457 — 



♦ 



t 




